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Societal Impact Statement
The approach that we take to our science is as important as the questions that we 
address if we would like our research to inform management. Here, we discuss our 
experience of using networks of permanent forest inventory plots to support sus-
tainable management and conservation of intact tropical forests. A key conclusion 
is that to maximize the use of data from such large international networks within 
 policymaking, it is crucial that leadership is widely shared among participants. Such 
an approach helps to address ethical concerns surrounding international collabora-
tions and also achieves greater policy impact.
Summary
Long-term data from permanent forest inventory plots have much to offer the man-
agement and conservation of intact tropical forest landscapes. Knowledge of the 
growth and mortality rates of economically important species, forest carbon balance, 
and the impact of climate change on forest composition are all central to effective 
management. However, this information is rarely integrated within the policymaking 
process. The problem reflects broader issues in using evidence to influence envi-
ronmental management, and in particular, the need to engage with potential users 
beyond the collection and publication of high-quality data. To ensure permanent plot 
data are used, (a) key “policy windows”—opportunities to integrate data within policy 
making—need to be identified; (b) long-term relationships need to be developed be-
tween scientists and policy makers and policymaking organizations; and (c) leader-
ship of plot networks needs to be shared among all participants, and particularly 
between institutions in the global north and those in tropical countries. Addressing 
these issues will allow permanent plot networks to make tangible contributions to 
ensuring that intact tropical forest persists over coming decades.
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1  | INTRODUC TION
Intact tropical forests are home to a wide range of indigenous 
groups, contain large stores of biodiversity and carbon and provide 
resources that support local communities and underpin the global 
economy. However, these ecosystems are highly threatened as al-
ternative land-uses often offer higher economic returns (Edwards 
et al., 2019; Watson et al., 2018). A key route to promote sustain-
able management of these landscapes is to increase the value of the 
ecosystem services that are provided by standing forest (Álvarez 
Alonso, 2019; Nobre et al., 2016). To achieve this goal, both users 
and environmental managers need to know the distribution and 
trajectory of forest resources. Permanent forest inventory plots, 
where each tree above a given minimum diameter is tagged, iden-
tified, and periodically re-measured in a demarcated area, are well 
suited to providing such ecological information about the tree spe-
cies within these forests. However, perhaps surprisingly given the 
obvious value of these data for timber or carbon management (e.g., 
Condit, 1993; Phillips, Brienen, & RAINFOR collaboration, 2017), 
the use of permanent plot data to inform environmental policy in 
tropical forest landscapes remains limited. We therefore review 
the possible uses of permanent plot data within management, re-
flect on the bottlenecks for achieving tangible impacts and propose 
solutions to ensure that they play their part in addressing the many 
threats that intact tropical forests face today.
Ecological studies in tropical forests using permanent plots 
initially focussed on addressing questions about how many spe-
cies were found in these forests (e.g., Murça Pires, Dobzhansky, & 
Black, 1953). This work led to studies of how estimates of point, 
or alpha, diversity varied in space (e.g., Gentry, 1988) which then 
expanded to consider how composition, or beta diversity, varied 
across tropical forest landscapes (e.g., Hall & Swaine, 1976; ter 
Steege et al., 2000; Terborgh & Andresen, 1998). Revisiting these 
plots to remeasure the surviving trees, record those which had died 
and identify new recruits allowed the first studies of tropical for-
est dynamics (e.g., Condit, Hubbell, & Foster, 1995; Lieberman & 
Lieberman, 1987; Phillips, Hall, Gentry, Sawyer, & Vasquez, 1994; 
Swaine & Hall, 1986; Swaine, Hall, & Alexander, 1987) and the 
mechanisms that underpin species coexistence (e.g., Harms, Condit, 
Hubbell, & Foster, 2001; Hubbell et al., 1999; Wills et al., 2006). 
Subsequently, the ability to use permanent plot data to quantify 
the carbon stocks of these ecosystems led to the development of 
plot networks to probe the carbon balance of tropical forest land-
scapes (e.g., Baker et al., 2004a, 2004b; Brienen et al., 2015; Hubau 
et al., 2020; Lewis et al., 2009; Phillips et al., 1998; Qie et al., 2017; 
ForestPlots.net, in press). Permanent plots have also become a key 
tool within ecosystem science for understanding how tropical for-
ests respond to drought and long-term increases in temperature and 
atmospheric carbon dioxide (e.g., Esquivel-Muelbert et al., 2019; 
Fauset et al., 2012; Hubau et al., 2020; Rowland et al., 2015). At 
the same time, their value to taxonomists for documenting new 
species, understanding evolutionary processes and how those pro-
cesses link to ecosystem function has also been recognised (e.g., 
Baker et al., 2014, 2017; Coelho de Souza et al., 2016, 2019), and 
their use for validating and calibrating vegetation models and maps 
of forest structure, composition and change based on remote sens-
ing data continues to increase (e.g., Avitabile et al., 2016; Johnson 
et al., 2016). Overall, permanent inventory plots have therefore 
been an important starting point for the development of research 
in tropical forests, and their establishment has catalyzed scientific 
advances across a wide range of fields.
However, despite this expansion of the breadth of research using 
permanent plot data, there is a substantial opportunity to expand the 
use of these networks to support management. The gap between 
scientific research using plot data and policy is partly a reflection of 
the comparatively recent emergence of some current management 
issues compared to the historical reasons for the establishment of 
permanent plots. For example, although some of the earliest per-
manent plots were established to support timber management 
(Alder, 1995; Jones, 1955; Synnott, 1979), the need for carbon man-
agement and strategies to enhance the resilience of ecosystems to 
climate change are relatively recent developments. The gap between 
research using permanent plots and the use of these data to inform 
management is also apparent now because the potential to supply 
useful information has greatly increased as plot networks have ex-
panded (ForestPlots.net, in press). The expansion of these networks 
of plots has opened up important opportunities to use these data to 
inform management within tropical forest landscapes.
2  | THE POTENTIAL VALUE OF 
PERMANENT PLOTS FOR POLICY
The potential uses of permanent plot data within management 
in intact tropical forest landscapes can be summarized as quan-
tifying the state and trajectory of a range of ecosystem services. 
For example, plot data can be used to understand how forest 
structure and composition varies spatially to address questions 
such as “how much timber or what quantity of non-timber forest 
products (NTFPs) are found in this area of intact tropical forest?”. 
Such questions about provisioning ecosystem services can be ex-
tended to consider, for example, “what is a sustainable harvest-
ing level for this species given the risk of climate change?”. This 
kind of question requires data on the growth, mortality rates, and 
long-term trajectory of species populations. Secondly, these data 
may be used to quantify regulating ecosystem services, such as 
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long-term changes in composition and carbon stocks, to ask, for 
example, whether intact tropical forests are acting as a sink or 
source of carbon. We consider examples of each of these possible 
uses in turn.
2.1 | What level of provisioning ecosystem services 
can be provided sustainably by tropical forests?
Timber and forest products such as fruits and fibres are key provi-
sioning services provided by intact tropical forests (Peters, Gentry, 
& Mendelsohn, 1989; Piponiot et al., 2019) and the use of growth 
and mortality data for supporting timber management is perhaps 
the most obvious potential use of permanent plot data. Some of the 
oldest permanent plots were established to collect data to predict 
timber yield and define harvesting limits (Hall, 1977; Jones, 1955) as 
permanent plot data on the diameter growth rates and survivorship 
of timber species are ideally suited for use within growth and yield 
models to predict harvesting levels (Alder, 1995; Vanclay, 1994). 
Many studies have explored how growth rates vary among species, 
size classes, and environmental conditions from the perspective 
of timber management (e.g., Brown et al., 1995; Condit, Hubbell, 
& Foster, 1993; Finegan, Camacho, & Zamora, 1999; Nebel & 
Meilby, 2005; Rondon, Gorchov, & Noble, 2009) and permanent 
plot data have been used to calibrate models of timber yields at re-
gional scales across Amazonia (Piponiot et al., 2019). In some cases, 
data on forest growth and dynamics have also been integrated 
within guidelines for timber extraction. For example, in Mexico, 
yields tropical forests under the Plan Piloto Forestal de Quitana Roo 
depend on the size distribution and growth rates of species that 
are extracted (Torres-Rojo, Moreno-Sánchez, & Mendoza-Briseño, 
2016). However, despite the many ecological and modeling stud-
ies, growth and yield models that incorporate how tree growth and 
mortality rates vary with environmental conditions and among spe-
cies are often not used as the basis of timber management policy 
(Andrade et al., 2019; Hubbell & Foster, 1992). For example, in both 
Brazil and Peru, the only taxa-specific information within the policy 
framework for timber extraction concerns the definition of mini-
mum harvesting sizes (Andrade et al., 2019; Rondon et al., 2009) 
which is an approach that excludes much basic ecological informa-
tion about different timber species. For example, one of the most 
heavily exploited commercial “species” in the Peruvian Amazon is 
termed “cumala” and represents any one of > 40 species of tree 
within the Myristicaceae. Permanent plot data demonstrate that the 
three principal Neotropical genera of “cumala” (Virola, Iryanthera, 
and Otoba) have different maximum sizes and diameter growth rates 
(Figure 1a,b), which implies that different diameter limits and har-
vesting intensities should be applied to the different taxa. However, 
this ecological knowledge is not currently incorporated in the man-
agement of “cumala” in Peruvian forests.
Permanent plot data are also valuable for supporting sustain-
able management of species that provide NTFPs. For example, 
in the Peruvian Amazon stems of the palm Euterpe precatoria, or 
“huasai”, are cut to provide “heart of palm,” a foodstuff consumed 
locally and sold in regional markets (Kvist, Andersen, Stagegaard, 
Hesselsøe, & Llapapasca, 2001; Schulz et al., 2019). As harvest-
ing involves killing the plant, sustainable management should 
only allow harvesting to a level that can be replaced by recruit-
ment. Permanent plot data indicate that in contrast to long-lived, 
large-statured timber species, populations of Euterpe precatoria 
F I G U R E  1   Variation in (a) median diameter growth rates and (b) maximum diameter among species within Iryanthera (6 species; 321 
individuals ≥ 10 cm diameter), Virola (5 species; 374 individuals ≥ 10 cm diameter) and Otoba (2 species; 621 individuals ≥ 10 cm diameter) 
from permanent plots covering 44 ha in the Peruvian Amazon. Error bars represent one standard error; data from Dávila, Honorio, and 
Salazar (2008). (c) Range of recruitment and mortality rates of Euterpe precatoria from permanent plot data in the Peruvian Amazon (red line) 
in comparison to annual mortality rates for 48 genera of trees from across Amazonia. Data from Baker et al. (2014)  
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turnover rapidly (annual recruitment and mortality rates of 5% and 
3.9% respectively for trees ≥ 10 cm diameter, Figure 1c; Esquivel-
Muelbert et al., 2018). This species is therefore potentially suit-
able for sustainable management where densities of this species 
are high, if harvesting quotas reflect the ecological potential of 
populations to recover. However, current management plans for 
this species within Pacaya Samiria National Park in the Peruvian 
Amazon indicate that communities may harvest up to 20% of the 
existing stand per year (Ochoa, 2014), which is clearly above the 
capacity of these systems to regenerate. This example illustrates 
the broader finding that quotas set for NTFP harvesting may often 
be ecologically unsustainable (Ticktin, 2004) and raises concerns 
about promoting NTFP extraction within protected areas. Plots 
are also a platform for studies of the additional parameters that 
are also required to support sustainable management of NTFPs, 
such as seedling regeneration (e.g., for Brazil nut; Wadt, Kainer, 
Staudhammer, & Serrano, 2008) and the impact of extraction ac-
tivities (e.g., for reduced impact logging in Brazil; West, Vidal, & 
Putz, 2014). Overall, for both timber and forest products, perma-
nent plots in intact forest can provide the baseline information on 
population dynamics within intact forests that can be used to set 
ecologically informed harvesting limits.
2.2 | What level of regulating ecosystem 
services are provided by tropical forests?
The key regulating ecosystem service provided by intact tropical 
forests that can be quantified using permanent plots is their role as 
a store of carbon (Hubau et al., 2020; Sullivan et al., 2017, 2020). 
Permanent plot data can be used in conjunction with remote sensing 
data to calibrate maps of carbon storage, identify forest ecosystems 
that are hotspots of carbon storage, and crucially, identify whether 
intact tropical forests are acting as a source or sink of carbon. For 
example, the wide range of existing and emerging remote sensing 
technologies require ground-reference data from plots to produce 
calibrated maps of carbon stocks (e.g., Avitabile et al., 2016; Chave 
et al., 2019). These maps of carbon stocks can be used in conjunc-
tion with maps of deforestation, degradation, and regrowth to quan-
tify emissions from land-use change as part of national reporting 
to the United Nations Framework Convention on Climate Change 
(UNFCCC; Melo et al., 2018) and to support the development of 
national climate change mitigation strategies (e.g., carbon based 
conservation in Ghana; Forest Preservation Programme, 2013). Of 
course, plots do not need to be re-visited and therefore established 
as “permanent” plots to obtain information about spatial variation 
in forest carbon stocks. However, the standardized methods that 
these long-term networks apply for data collection and curation are 
a key advantage of using these data for quantifying carbon stocks, as 
differences among protocols for measuring large trees or variation 
in the level of identification of tree species influences the precision 
and accuracy of estimates of biomass (Baker et al., 2004a, 2004b; 
Hubbell & Foster, 1992).
The use of plot data to identify and promote conservation of 
hotspots of carbon storage is exemplified by the recent descrip-
tion and mapping of areas of tropical peatland in Peru and the 
Congo basin (Dargie et al., 2017; Draper et al., 2014; Lähteenoja, 
Ruokolainen, Schulman, & Oinonen, 2009). For example, detailed 
measurements of the below- and above-ground carbon stores in 
the peatlands of Pastaza Marañon basin in the northern Peruvian 
Amazon demonstrated that this landscape is the most carbon-dense 
region of Amazonia (Draper et al., 2014; Lähteenoja et al., 2009). 
This finding was subsequently used by the Peruvian Fund for 
Conservation (PROFONANPE) to obtain funding from the Green 
Climate Fund to implement sustainable management projects in the 
region (Roucoux et al., 2017), and by the Peruvian Protected Areas 
Authority (SERNANP) to justify the designation of the 8,689 km2 
Yaguas National Park in the northern Peruvian Amazon (Baker, del 
Castillo Torres, et al., 2019).
Finally, repeated measurements of changes in carbon stocks over 
time in permanent plots allow the role of intact tropical forests as a 
source or sink of carbon to be quantified (Brienen et al., 2015; Hubau 
et al., 2020). The relatively small changes in biomass that occur over 
time in intact forests, means that these trends can currently only 
be reliably detected using permanent plot networks, rather than 
by using remote sensing technology. Over recent decades, perma-
nent plot data have been used to show that intact tropical forests 
have acted as a substantial carbon sink (Brienen et al., 2015; Hubau 
et al., 2020), and at national scales within tropical forest countries, 
this carbon sink can offset emissions from land-use change (Phillips 
et al., 2017; Vicuña Miñano et al., 2018). Changes in the carbon 
stocks of intact forests can be reported by countries to the UNFCCC 
as part of national inventories of greenhouse gas emissions: average 
values for different continents (or Tier 1 values), based on perma-
nent plot data, are now available (Requena Suarez et al., 2019), while 
national-level estimates based on permanent plot networks provide 
a basis for reporting more refined country-specific (Tier 2 and 3) 
estimates (e.g., Vicuña Miñano et al., 2018 for Peru). Crucially, rec-
ognizing and monitoring the role that intact tropical forests play as 
a carbon sink presents an opportunity to promote and finance con-
servation and sustainable management of these landscapes (Vicuña 
Miñano et al., 2018).
It is important to note that the potential use of plot data for man-
agement also extends beyond intact tropical forest landscapes. For 
example, plot data can provide baseline information to understand 
the impact of land-use change and pollution events, such as oil spills, 
on forest structure and composition. In addition, these sites can also 
be used to identify appropriate species and provide seeds to support 
plantation development and reforestation projects. As illustrated by 
the example of “cumala” above, our lack of basic ecological knowl-
edge of much of the tree diversity of these ecosystems, hinders 
our ability to use species within these kinds of forestry initiatives. 
Finally, permanent plots will also continue to be crucial to validate 
and calibrate efforts to map the changing ecosystem services pro-
vided by tropical forests at large scales using the expanding range of 
remote sensing technologies.
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3  | BOT TLENECKS AND SOLUTIONS FOR 
ACHIE VING POLICY IMPAC T
Despite the wide variety of potential uses of permanent plot data 
to support conservation and management in tropical forest coun-
tries, these data are rarely utilized fully to inform policy. Calls for 
greater integration of this kind of ecological data within manage-
ment are not new. Almost three decades ago, Hubbell and Foster 
(1992) discussed the value of data on the dynamics of tropical for-
est species for conservation in the context of the then recently 
established 50 ha plot on Barro Colorado Island, Panama. In the in-
tervening years, great progress has been made in relation to one of 
the issues that prevented this goal being achieved—a lack of data—
through the expansion of permanent plot networks throughout 
the tropics (e.g., Anderson-Teixeira et al., 2015; DRYFLOR, 2016; 
Lewis et al., 2009; Malhi et al., 2002). Cyber infrastructure, such 
as ForestPlots.net, has been developed to share these data inter-
nationally among collaborators (ForestPlots.net, in press; Lopez-
Gonzalez, Lewis, Burkitt, & Phillips, 2011; Lopez-Gonzalez, Lewis, 
Phillips, Burkitt, & Baker, 2012). The reasons for the lack of inte-
gration within policy therefore reflect the more general difficul-
ties for achieving tangible impacts of research on environmental 
management, which involves issues that move far beyond the 
provision of relevant information (Reed, Stringer, Fazey, Evely, 
& Kruijsen, 2014). Influencing policy requires more than simply 
providing data to users or publishing in academic journals (Oliver 
& Cairney, 2019): it requires ecologists to invest in bridging the 
gap to policy, or, perhaps more accurately, to occupy the space 
where interaction with stakeholders is possible (Toomey, Knight, 
& Barlow, 2017).
There are three principal reasons why policy impact using per-
manent plot data from tropical forest landscapes is not successfully 
realized. Firstly, specific opportunities for achieving policy change 
are often not identified by researchers (Oliver & Cairney, 2019; Rose 
et al., 2017). Secondly, for the most part, insufficient effort is made 
to develop the long-term relationships between academic research-
ers and practitioners that are essential for promoting trust in the use 
of the information and to allow research findings and policy needs 
to be linked (Reed et al., 2014). Thirdly, and perhaps most relevant 
to permanent plot networks in the tropics, leadership needs to be 
shared among participants, and in particular, be shared equitably 
among tropical forest countries and with nations in the global north, 
as well as between academic researchers and practitioners.
Understanding, identifying, and responding to specific “policy 
windows” is crucial for achieving tangible impacts from research 
findings (Oliver & Cairney, 2019; Rose et al., 2017). Opportunities 
for using data from permanent plots can appear fleetingly as political 
agendas and institutions evolve, and researchers need to be able to 
respond to opportunities as they appear. For example, the Twentieth 
Conference of the Parties (COP20) of the UNFCCC in Lima, Peru in 
2014 provided a platform for discussing recent work describing the 
high carbon stocks of the peatlands of the Peruvian Amazon with 
policymakers (Draper et al., 2014). Peru was simultaneously acting as 
chair of the steering committee of the emerging Green Climate Fund 
(GCF) which was set up by the UNFCCC to fund projects to adapt to, 
and mitigate, climate change. As a result, the Peruvian government 
was strongly interested in developing carbon conservation projects 
and the Peruvian Trust Fund for National Parks and Protected Areas 
(PROFONANPE) drew on the data published in Draper et al. (2014) 
to apply to the GCF, ultimately successfully, to implement a pro-
gramme of sustainable management activities in order to protect 
the high carbon stocks of the Peruvian wetlands (Baker, del Castillo 
Torres, et al., 2019; Roucoux et al., 2017). Understanding the timing 
and frequency of policy decisions and meetings is important in order 
to be prepared to engage with policymakers at both an international 
level, through the UNFCCC or Convention on Biological Diversity, 
and at a national level to contribute to the renewal of national bio-
diversity plans, threatened species lists and protected area and spe-
cies-level management plans.
More broadly, identifying policy windows needs to be part of a 
strategy to prioritize engagement activities based on the likelihood 
that any given opportunity will yield success. As part of this, re-
searchers and policymakers need to evaluate the level of importance 
of different competing needs for data and the potential benefit for 
management. Researchers also need to communicate honestly the 
realities of existing data, as the high diversity and consequent rarity 
of many species in tropical forests means that precise species-level 
data on growth, mortality, and recruitment rates are often difficult 
to obtain. However, it is important to note that findings of ecological 
research in permanent plot networks can be used to frame appropri-
ate generalizations to inform policy even in the absence of perfect 
data. Researchers can advise to what extent results from compara-
ble sites, similar functional groups of organisms or higher-level taxa 
such as genera and families, are appropriate for informing manage-
ment in any specific setting. Overall, although achieving impact on 
policy may often include a fortuitous combination of circumstances, 
researchers need to evaluate which opportunities will most likely 
lead to tangible, long-term outcomes in order to allocate time and 
resources appropriately.
Secondly, the well-recognized requirement to develop strong, 
long-term trusting relationships between generators and users of data 
is crucial for achieving policy impact (Oliver & Cairney, 2019; Reed 
et al., 2014). The integration of knowledge into policy depends not on 
the data itself, but on the networks and relationships that link scien-
tists and practitioners and the social interactions among them (Oliver 
& Faul, 2018). Strong, long-term relationships allow, over time, the 
requirements of users to be closely matched to the information that 
permanent plot networks can provide, policymaking opportunities to 
be taken when they occur, and the production of knowledge that is 
tailored to national contexts. For example, over recent decades, per-
manent plots have recorded how intact tropical forests have acted as 
a carbon sink and accumulated globally important amounts of carbon 
(Brienen et al., 2015), but, despite its importance for the carbon bal-
ance of many tropical forest nations (Phillips et al., 2017), this finding 
is typically not included in national-level reporting of carbon emis-
sions. We responded to this need in Peru by expanding the in-country 
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forest plot network with forest monitoring specialists at the Instituto 
de Investigaciones de la Amazonia Peruana (IIAP), botanical experts at 
the Jardín Botanico de Missouri (JBM) and colleagues at the Peruvian 
Protected Areas Authority (SERNANP) who have a responsibility to re-
port on the status of forests within the protected area network. We 
used the plot data to analyze and publish the trajectory of the carbon 
sink in intact forests at a national level (Miñano Vicuña et al., 2018). 
This process allowed us to understand how the findings from the per-
manent plot data could be fitted within the policy framework and in-
creased the visibility of this key result to policy makers. Ultimately as a 
result of this work, monitoring the carbon sink of intact tropical forests 
was made a national priority as part of Peru's activities for responding 
to climate change (Gobierno del Peru, 2018).
Of course, researchers who invest in long-term relationships 
with partner organizations to achieve policy impact may not see an 
immediate benefit, as policy impact may not occur rapidly (Oliver & 
Cairney, 2019). “Long term” in this context means maintaining rela-
tionships far beyond the lifetime of a typical, 3–5-year funded re-
search project: it is an endeavor measured in decades that stretches 
across multiple periods of funded and informal, unfunded engage-
ment. From a researchers’ perspective, this means prioritizing sup-
porting collaborations even when the focus of funding opportunities 
shifts, rather than shifting the location of the research. Adopting this 
strategy imposes a cost on researchers as it takes time to develop 
and maintain these links, with inevitable trade-offs for other activi-
ties. As a result, the time lag for achieving impact can act as a barrier 
to initiating engagement. However, our experience with permanent 
plot networks is that investing in these kinds of relationships pays 
back richly over the long term in terms of the accumulation of shared 
knowledge and policy impacts. We also note the importance of in-
vestment in roles that link scientists and practitioners, or “bound-
ary spanner” positions for overcoming this barrier (Cook, Mascia, 
Schwartz, Possingham, & Fuller, 2013; Posner & Cvitanovic, 2019). 
These roles accelerate the process of integrating research within 
policymaking (Cook et al., 2013), and therefore reduce the short-
term costs to researchers of engagement.
Thirdly, and perhaps most fundamentally, is that maximizing pol-
icy impact requires research projects to share leadership both among 
academic institutions in tropical forest countries and the global 
north as well as between academic institutions and policymaking 
partners. Their well-established networks of contacts and detailed 
understanding of the national policymaking context means that sci-
entists in research institutions in tropical forest countries are best 
placed to engage with national government institutions and NGOs 
to promote the use of these data. These institutions are also far 
more able to sustain long-term involvement with the policymaking 
process, which is essential to ensure that research findings are in-
tegrated within management. If leadership of the research is not 
shared, then opportunities to inform policy will be missed.
Fully recognizing the crucial role of institutions in tropical forest 
countries for maximizing policy impact is also a means to rebalance 
the often asymmetrical relationships in international scientific re-
search between researchers in the global north and south (Baker, 
Eichhorn, & Griffiths, 2019; Malhado, 2011). In terms of plot net-
works, this asymmetry occurs because data providers are typically 
located in tropical forest countries, whereas the users of these data, 
for large-scale ecological analysis, development of vegetation mod-
els or calibration of remote sensing products, are often institutions 
and individuals in the global north. It is important to recognise that 
similar imbalances between data users and providers also occur both 
among and within tropical forest countries. This type of asymmetry 
is found in many fields and demands us to think carefully about the 
role of international researchers in tropical countries, where their 
presence is a “privilege and not a right” (Riley & Bezanson, 2018; de 
Vos, 2020).
Clearly, international networks of permanent plots need ethical 
working practices that promote enduring and equitable relationships 
among all participants (Eichhorn, 2019). Firstly, it is incumbent on all 
of us to recognise and support the task of generating the datasets 
that underpin all of the research. Secondly, these networks need to 
promote greater investment of research funding in institutions in 
tropical forest countries from both in-country and external sources. 
Thirdly, these networks need to commit to ensure that institutions 
in tropical countries lead high-level data analysis and outputs. In 
our experience in Peru, the permanent plot network has endured 
in part because successive generations of international researchers 
have committed to investing in data collection and capacity building, 
which is helping to dissolve the distinction between data users in the 
global north and data originators in tropical forest countries. This 
investment in long-term collaborations with researchers and institu-
tions in tropical forest countries has also promoted the integration of 
these data within policy. Recognizing the value of the policy impact 
that can be achieved through shared leadership of research within 
permanent plot networks should be used a lever to generate more 
equitable relationships among the organizations that are involved. 
Such a commitment to shared leadership helps to maintain the sus-
tainability of these long-term research networks, addresses ethical 
concerns surrounding international collaborations and also achieves 
greater policy impact.
Permanent plot networks in the tropics provide unique informa-
tion about the structure and long-term trajectory of these ecosys-
tems and act as a platform for an increasing breadth of science. By 
focussing on how we can integrate the findings within policy, we can 
also ensure that these data realise their potential for supporting the 
conservation and sustainable management of tropical forests over 
coming decades.
ACKNOWLEDG EMENTS
We thank Rodolfo Vásquez Martinez, John Terborgh, Robin 
Foster, and Al Gentry for their pioneering work to establish, ex-
pand, and maintain forest monitoring with permanent plots in 
Peru. We thank the Instituto de Investigaciones de la Amazonia 
Peruana (IIAP), the Jardín Botanico de Missouri, Oxapampa 
(JBM), the Servicio Nacional de Areas Protegidas por el Estado 
(SERNANP), the Andes Biodiversity and Ecosystem Research 
Group (ABERG), and the Amazon Forest Inventory Network 
     |  235BAKER Et Al.
(RAINFOR) for their long-term collaboration and support. We 
thank the Tropical Wetland Consortium (https://tropi calwe 
tlands.wp.st-andre ws.ac.uk/en/about/) for their work to under-
stand the wetlands of the Peruvian Amazon funded by Natural 
Environment Research Council (NERC; grants NE/R000751/1 
and NE/H011773/1) and the Leverhulme Trust (grant RPG-2018-
306) and acknowledge support and permission from the Servicio 
Nacional Forestal y de Fauna Silvestre (SERFOR) for working in 
forests outside protected areas in Peru. We thank the Gordon 
and Betty Moore Foundation for the grant “Monitoring Protected 
Areas in Peru to Increase Forest Resilience to Climate Change” 
(#5349), which funded the expansion and integration of the 
permanent plot network in Peru, 2017-2020. We also thank the 
many funding agencies that have supported the establishment 
and maintenance of long-term plots in Peru, including NERC, 
the National Geographic Society, the Gordon and Betty Moore 
Foundation, the European Research Council, and the US National 
Science Foundation Long-Term Research in Environmental 
Biology Program.
AUTHOR CONTRIBUTIONS
TRB planned and wrote the article. All authors contributed to 
leading different aspects of our work developing and using net-
works of permanent plots, discussing this synthesis and editing 
the manuscript.
ORCID
Timothy R. Baker  https://orcid.org/0000-0002-3251-1679 
Oliver L. Phillips  https://orcid.org/0000-0002-8993-6168 
R E FE R E N C E S
Alder, D. (1995). Growth modelling for mixed tropical forests. Tropical 
Forestry Papers, 30, 1–231.
Álvarez Alonso, J. (2019). Forests and indigenous peoples facing cli-
mate change and globalisation. In A. Chirif (Ed.), Peru: Deforestation 
in times of climate change (pp. 91–112). Lima, Peru: IWGIA (Grupo 
Internacional de Trabajo sobre Asuntos Indígenas).
Anderson-Teixeira, K. J., Davies, S. J., Bennett, A. C., Gonzalez-Akre, E. 
B., Muller-Landau, H. C., Joseph Wright, S., … Zimmerman, J. (2015). 
CTFS-Forest GEO: A worldwide network monitoring forests in an 
era of global change. Global Change Biology, 21, 528–549. https://doi.
org/10.1111/gcb.12712
Andrade, V. H. F., Machado, S. D. A., Figueiredo Filho, A., Botosso, P. 
C., Miranda, B. P., & Schöngart, J. (2019). Growth models for two 
commercial tree species in upland forests of the Southern Brazilian 
Amazon. Forest Ecology and Management, 438, 215–223. https://doi.
org/10.1016/j.foreco.2019.02.030
Avitabile, V., Herold, M., Heuvelink, G. B. M., Lewis, S. L., Phillips, O. L., 
Asner, G. P., … Willcock, S. (2016). An integrated pan-tropical bio-
mass map using multiple reference datasets. Global Change Biology, 
22, 1406–1420. https://doi.org/10.1111/gcb.13139
Baker, K., Eichhorn, M. P., & Griffiths, M. (2019). Decolonizing field ecol-
ogy. Biotropica, 51, 288–292. https://doi.org/10.1111/btp.12663
Baker, T. R., del Castillo Torres, D., Honorio Coronado, E. N., Lawson, 
I., Martín Brañas, M., Montoya, M., & Roucoux, K. H. (2019). The 
challenges for achieving conservation and sustainable development 
within the wetlands of the Pastaza-Marañón basin, Peru. In A. Chirif 
(Ed.), Peru: Deforestation in times of climate change. (pp. 155–174). 
Lima, Peru: IWGIA (Grupo Internacional de Trabajo sobre Asuntos 
Indígenas).
Baker, T. R., Pennington, R. T., Dexter, K. G., Fine, P. V., Fortune-Hopkins, 
H., Honorio, E. N., … Vasquez, R. (2017). Maximising synergy among 
tropical plant systematists, ecologists, and evolutionary biologists. 
Trends in Ecology & Evolution, 32, 258–267. https://doi.org/10.1016/j.
tree.2017.01.007
Baker, T. R., Pennington, R. T., Magallon, S., Gloor, E., Laurance, W. F., 
Alexiades, M., … Phillips, O. L. (2014). Fast demographic traits pro-
mote high diversification rates of Amazonian trees. Ecology Letters, 
17, 527–536. https://doi.org/10.1111/ele.12252
Baker, T. R., Phillips, O. L., Malhi, Y., Almeida, S., Arroyo, L., Di Fiore, A., 
… Martinez, R. V. (2004a). Variation in wood density determines spa-
tial patterns in Amazonian forest biomass. Global Change Biology, 10, 
545–562. https://doi.org/10.1111/j.1365-2486.2004.00751.x
Baker, T. R., Phillips, O. L., Malhi, Y., Almeida, S., Arroyo, L., Di Fiore, A., 
… Martinez, R. V. (2004b). Increasing biomass in Amazonian for-
est plots. Philosophical Transactions of the Royal Society of London 
Series B-Biological Sciences, 359, 353–365. https://doi.org/10.1098/
rstb.2003.1422
Brienen, R., Phillips, O., Feldpausch, T., Gloor, E., Baker, T., Lloyd, J., 
… Zagt, R. (2015). Long-term decline of the Amazon carbon sink. 
Nature, 519, 344–348. https://doi.org/10.1038/natur e14283
Brown, I. F., Martinelli, L. A., Thomas, W. W., Moreira, M. Z., Ferreira, 
C. A. C., & Victoria, R. A. (1995). Uncertainty in the biomass of 
Amazonian forests: An example from Rondônia, Brazil. Forest Ecology 
and Management, 75, 175–189.
Chave, J., Davies, S. J., Phillips, O. L., Lewis, S. L., Sist, P., Schepaschenko, 
D., … Disney, M. (2019). Ground data are essential for biomass re-
mote sensing missions. Surveys in Geophysics, 40, 863–880.
Coelho de Souza, F., Dexter, K. G., Phillips, O. L., Brienen, R. J., Chave, 
J., Galbraith, D. R., … Baker, T. R. (2016). Evolutionary heritage in-
fluences Amazon tree ecology. Proceedings of the Royal Society 
B: Biological Sciences, 283, 20161587. https://doi.org/10.1098/
rspb.2016.1587
Coelho de Souza, F., Dexter, K. G., Phillips, O. L., Pennington, R. T., 
Neves, D., Sullivan, M. J., … Baker, T. R. (2019). Evolutionary diversity 
is associated with wood productivity in Amazonian forests. Nature 
Ecology & Evolution, 3, 1754–1761. https://doi.org/10.1038/s4155 
9-019-1007-y
Condit, R. (1993). Identifying fast growing native trees from the 
Neotropics using data from a large, permanent census plot. Forest 
Ecology and Management, 62, 123–143.
Condit, R., Hubbell, S. P., & Foster, R. B. (1993). Mortality and growth of a 
commercial hardwood 'el cativo', Prioria copaifera, in Panama. Forest 
Ecology and Management, 62, 107–122.
Condit, R., Hubbell, S. P., & Foster, R. B. (1995). Mortality rates of 205 
neotropical tree and shrub species and the impact of a severe 
drought. Ecological Monographs, 65, 419–439.
Cook, C. N., Mascia, M. B., Schwartz, M. W., Possingham, H. P., & Fuller, 
R. A. (2013). Achieving conservation science that bridges the knowl-
edge–action boundary. Conservation Biology, 27, 669–678.
Dargie, G. C., Lewis, S. L., Lawson, I. T., Mitchard, E. T., Page, S. E., Bocko, 
Y. E., & Ifo, S. A. (2017). Age, extent and carbon storage of the cen-
tral Congo Basin peatland complex. Nature, 542, 86. https://doi.
org/10.1038/natur e21048
Dávila, N., Honorio, E., & Salazar, A. (2008). Fichas de identificación de 
especies maderables de Loreto, Perú (p. 30). Iquitos, Peru: IIAP.
de Vos, A. (2020). The problem of ‘Colonial Science’. Scientific American, 
https://www.scien tific ameri can.com/artic le/the-probl em-of-colon 
ial-scien ce/.
Draper, F. C., Roucoux, K. H., Lawson, I. T., Mitchard, E. T., Coronado, E. N. H., 
Lähteenoja, O., … Baker, T. R. (2014). The distribution and amount of car-
bon in the largest peatland complex in Amazonia. Environmental Research 
Letters, 9, 124017. https://doi.org/10.1088/1748-9326/9/12/124017
236  |     BAKER Et Al.
DRYFLOR (2016). Plant diversity patterns in neotropical dry forests and 
their conservation implications. Science, 353, 1383–1387. https://
doi.org/10.1126/scien ce.aaf5080
Edwards, D. P., Socolar, J. B., Mills, S. C., Burivalova, Z., Koh, L. P., 
& Wilcove, D. S. (2019). Conservation of tropical forests in the 
anthropocene. Current Biology, 29, R1008–R1020. https://doi.
org/10.1016/j.cub.2019.08.026
Eichhorn, M. P., Baker, K., & Griffiths, M. (2019). Steps towards decol-
onising biogeography. Frontiers of Biogeography, 12(1), https://doi.
org/10.21425/ F5FBG 44795
Esquivel-Muelbert, A., Baker, T. R., Dexter, K. G., Lewis, S. L., Brienen, 
R. J. W., Feldpausch, T. R., … Phillips, O. L. (2019). Compositional re-
sponse of Amazon forests to climate change. Global Change Biology, 
25, 39–56. https://doi.org/10.1111/gcb.14413
Fauset, S., Baker, T. R., Lewis, S. L., Feldpausch, T. R., Affum-
Baffoe, K., Foli, E. G., … Swaine, M. D. (2012). Drought-induced 
shifts in the floristic and functional composition of tropical 
forests in Ghana. Ecology Letters, 15, 1120–1129. https://doi.
org/10.1111/j.1461-0248.2012.01834.x
Finegan, B., Camacho, M., & Zamora, N. (1999). Diameter increment pat-
terns among 106 tree species in a logged and silviculturally treated 
Costa Rican rain forest. Forest Ecology and Management, 121, 159–
176. https://doi.org/10.1016/S0378 -1127(98)00551 -9
Forest Preservation Programme (2013). Report on mapping of forest cover 
and carbon stock in Ghana. Accra, Ghana: Government of Ghana.
ForestPlots.net (in press) Taking the pulse of Earth’s tropical forests 
using networks of highly distributed plots. Biological Conservation.
Gentry, A. H. (1988). Tree species richness of upper Amazonian forests. 
Proceedings of the National Academy of Sciences, USA, 85, 156–159. 
https://doi.org/10.1073/pnas.85.1.156
Gobierno del Peru (2018). Grupo de Trabajo Multisectorial de naturaleza 
temporal encargado de generar información técnica para orientar la 
implementación de las Contribuciones Nacionalmente Determinadas 
(GTM-NDC). Available at: http://www.minam.gob.pe/cambi oclim 
atico/ wp-conte nt/uploa ds/sites/ 127/2018/12/Infor me-final -GTM-
NDC_v17di c18.pdf accessed January 2020.
Hall, J. B. (1977). Forest-types in Nigeria: An analysis of pre-exploitation 
forest enumeration data. Journal of Ecology, 65, 187–199. https://doi.
org/10.2307/2259073
Hall, J. B., & Swaine, M. D. (1976). Classification and ecology of 
closed-canopy forest in Ghana. Journal of Ecology, 64, 913–951. 
https://doi.org/10.2307/2258816
Harms, K. E., Condit, R., Hubbell, S. P., & Foster, R. B. (2001). 
Habitat associations of trees and shrubs in a 50-ha neotrop-
ical forest plot. Journal of Ecology, 89, 947–959. https://doi.
org/10.1111/j.1365-2745.2001.00615.x
Hubau, W., Lewis, S. L., Phillips, O. L., Affum-Baffoe, K., Beeckman, H., 
Cuní-Sanchez, A., … Zemagho, L. (2020). Asynchronous carbon sink 
saturation in African and Amazonian tropical forests. Nature, 579, 
80–87. https://doi.org/10.1038/s4158 6-020-2035-0
Hubbell, S. P., & Foster, R. B. (1992). Short-term dynamics of a neotropical 
forest: Why ecological research matters to tropical conservation and 
management. Oikos, 63, 48–61. https://doi.org/10.2307/3545515
Hubbell, S. P., Foster, R. B., O'Brien, S. T., Harms, K. E., Condit, R., 
Wechsler, B., … Loo de Lao, S. (1999). Light gap disturbances, recruit-
ment limitation and tree diversity in a Neotropical forest. Science, 
283, 554–557. https://doi.org/10.1126/scien ce.283.5401.554
Johnson, M. O., Galbraith, D., Gloor, M., De Deurwaerder, H., 
Guimberteau, M., Rammig, A., … Baker, T. R., (2016). Variation in 
stem mortality rates determines patterns of aboveground biomass in 
Amazonian forests: Implications for dynamic global vegetation mod-
els. Global Change Biology, 22, 3996–4013. https://doi.org/10.1111/
gcb.13315
Jones, E. W. (1955). Ecological studies on the rain forest of southern 
Nigeria. IV. The plateau forest of the Okomu Forest Reserve Part I 
The environment, the vegetation types of the forest, and the hor-
izontal distribution of species. Journal of Ecology, 43, 564–594. 
https://doi.org/10.2307/2257012
Kvist, L. P., Andersen, M. K., Stagegaard, J., Hesselsøe, M., & Llapapasca, 
C. (2001). Extraction from woody forest plants in flood plain commu-
nities in Amazonian Peru: Use, choice, evaluation and conservation 
status of resources. Forest Ecology and Management, 150, 147–174. 
https://doi.org/10.1016/S0378 -1127(00)00688 -5
Lähteenoja, O., Ruokolainen, K., Schulman, L., & Oinonen, M. 
(2009). Amazonian peatlands: An ignored C sink and poten-
tial source. Global Change Biology, 15, 2311–2320. https://doi.
org/10.1111/j.1365-2486.2009.01920.x
Lewis, S. L., Lopez-Gonzalez, G., Sonké, B., Affum-Baffoe, K., Baker, T. 
R., Ojo, L. O., … Wöll, H. (2009). Increasing carbon storage in in-
tact African tropical forests. Nature, 457, 1003–1006. https://doi.
org/10.1038/natur e07771
Lieberman, D., & Lieberman, M. (1987). Forest tree growth and dynam-
ics at La Selva, Costa Rica (1969–1982). Journal of Tropical Ecology, 3, 
347–358. https://doi.org/10.1017/S0266 46740 0002327
Lopez-Gonzalez, G., Lewis, S. L., Burkitt, M., & Phillips, O. L. (2011). 
ForestPlots.net: A new web application and research tool to manage 
and analyse tropical forest plot data. Journal of Vegetation Science, 22, 
610–613. https://doi.org/10.1111/j.1654-1103.2011.01312.x
Lopez-Gonzalez, G., Lewis, S. L., Phillips, O. L., Burkitt, M., & Baker, T. R. 
(2012) Forest plots database. www.fores tplots.net.
Malhado, A. C. (2011). Amazon science needs Brazilian leadership. 
Science, 331, 857. https://doi.org/10.1126/scien ce.331.6019.857-a
Malhi, Y., Phillips, O. L., Baker, T., Almeida, S., Fredericksen, T., Grace, J., … 
Vinceti, B. (2002). An international network to understand the biomass 
and dynamics of Amazonian forests (RAINFOR). Journal of Vegetation 
Science, 13, 439–450. https://doi.org/10.1111/j.1654-1103.2002.
tb020 68.x
Melo, J., Ziv, G., Baker, T., Carreiras, J., Pearson, T., & Vasconcelos, M. 
(2018). Striking divergences in Earth Observation products may limit 
their use for REDD+. Environmental Research Letters, 13, 104020. 
https://doi.org/10.1088/1748-9326/aae3f8
Miñano Vicuña, E., Baker, T. R., Banda, K., Honorio Coronado, E., 
Monteagudo, A., Phillips, O. L., … Vasquez, R. M., (2018). El sumidero 
de carbono en los bosques primarios Amazónicos es una oportunidad 
para lograr la sostenibilidad de su conservación. Folia Amazónica, 27, 
101–109.
Murça Pires, J., Dobzhansky, T., & Black, G. A. (1953). An estimate of 
the number of species of trees in an Amazonian forest community. 
Botanical Gazette, 114, 467–477. https://doi.org/10.1086/335790
Nebel, G., & Meilby, H. (2005). Growth and population structure of 
timber species in Peruvian Amazon flood plains. Forest Ecology 
and Management, 215, 196–211. https://doi.org/10.1016/j.
foreco.2005.05.017
Nobre, C. A., Sampaio, G., Borma, L. S., Castilla-Rubio, J. C., Silva, J. 
S., & Cardoso, M. (2016). Land-use and climate change risks in the 
Amazon and the need of a novel sustainable development paradigm. 
Proceedings of the National Academy of Sciences, 113, 10759–10768. 
https://doi.org/10.1073/pnas.16055 16113
Ochoa, J. V. (2014). Plan de manejo forestal de Euterpe precatoria ‘huasai’, 
en la cuenca Yanayacu Pucate, Reserva Nacional Pacaya Samiria. Lima: 
SERNANP.
Oliver, K., & Cairney, P. (2019). The dos and don’ts of influencing policy: A 
systematic review of advice to academics. Palgrave Communications, 
5, 21. https://doi.org/10.1057/s4159 9-019-0232-y
Oliver, K., & Faul, M. V. (2018). Networks and network analysis in evi-
dence, policy and practice. Evidence and Policy, 14, 369–379. https://
doi.org/10.1332/17442 6418X 15314 03722 4597
Peters, C. M., Gentry, A. H., & Mendelsohn, R. O. (1989). Valuation 
of an Amazonian rainforest. Nature, 339, 655–656. https://doi.
org/10.1038/339655a0
     |  237BAKER Et Al.
Phillips, O. L., Brienen, R. J., & RAINFOR collaboration. (2017). Carbon 
uptake by mature Amazon forests has mitigated Amazon nations’ 
carbon emissions. Carbon Balance and Management, 12, 1. https://
doi.org/10.1186/s1302 1-016-0069-2
Phillips, O. L., Hall, P., Gentry, A. H., Sawyer, S. A., & Vasquez, R. (1994). 
Dynamics and species richness of tropical rain forests. Proceedings 
of the National Academy of Sciences, USA, 91, 2805–2809. https://doi.
org/10.1073/pnas.91.7.2805
Phillips, O. L., Malhi, Y., Higuchi, N., Laurance, W. F., Núñez, P. V., Vásquez, 
R. M., … Grace, J. (1998). Changes in the carbon balance of tropi-
cal forests: Evidence from long-term plots. Science, 282, 439–442. 
https://doi.org/10.1126/scien ce.282.5388.439
Piponiot, C., Rödig, E., Putz, F. E., Rutishauser, E., Sist, P., Ascarrunz, N., … 
Hérault, B. (2019). Can timber provision from Amazonian production 
forests be sustainable? Environmental Research Letters, 14, 064014. 
https://doi.org/10.1088/1748-9326/ab195e
Posner, S. M., & Cvitanovic, C. (2019). Evaluating the impacts of 
boundary-spanning activities at the interface of environmen-
tal science and policy: A review of progress and future research 
needs. Environmental Science & Policy, 92, 141–151. https://doi.
org/10.1016/j.envsci.2018.11.006
Qie, L., Lewis, S. L., Sullivan, M. J. P., Lopez-Gonzalez, G., Pickavance, G. 
C., Sunderland, T., … Phillips, O. L. (2017). Long-term carbon sink in 
Borneo’s forests halted by drought and vulnerable to edge effects. 
Nature Communications, 8, 1966. https://doi.org/10.1038/s4146 
7-017-01997 -0
Reed, M., Stringer, L., Fazey, I., Evely, A., & Kruijsen, J. (2014). Five prin-
ciples for the practice of knowledge exchange in environmental 
management. Journal of Environmental Management, 146, 337–345. 
https://doi.org/10.1016/j.jenvm an.2014.07.021
Requena Suarez, D., Rozendaal, D. M. A., De Sy, V., Phillips, O. L., Alvarez-
Dávila, E., Anderson-Teixeira, K., … Herold, M. (2019). Estimating 
aboveground net biomass change for tropical and subtropical for-
ests: Refinement of IPCC default rates using forest plot data. Global 
Change Biology, https://doi.org/10.1111/gcb.14767
Riley, E. P., & Bezanson, M. (2018). Ethics of primate fieldwork: Toward 
an ethically engaged primatology. Annual Review of Anthropology, 47, 
493–512. https://doi.org/10.1146/annre v-anthr o-10231 7-045913
Rondon, X. J., Gorchov, D. L., & Noble, R. B. Jr (2009). Projection of 
tree growth and timber volume following strip clear-cutting in the 
Peruvian Amazon. Forest Ecology and Management, 257, 588–599. 
https://doi.org/10.1016/j.foreco.2008.09.051
Rose, D. C., Mukherjee, N., Simmons, B. I., Tew, E. R., Robertson, R. J., 
Vadrot, A. B., … Sutherland, W. J. (2017). Policy windows for the 
environment: Tips for improving the uptake of scientific knowl-
edge. Environmental Science & Policy, https://doi.org/10.1016/j.
envsci.2017.07.013
Roucoux, K. H., Lawson, I. T., Baker, T. R., Del Castillo Torres, D., Draper, F. 
C., Lähteenoja, O., … Vriesendorp, C. F. (2017). Threats to intact trop-
ical peatlands and opportunities for their conservation. Conservation 
Biology, 31, 1283–1292. https://doi.org/10.1111/cobi.12925
Rowland, L., da Costa, A. C. L., Galbraith, D. R., Oliveira, R. S., Binks, O. 
J., Oliveira, A. A. R., … Meir, P. (2015). Death from drought in tropical 
forests is triggered by hydraulics not carbon starvation. Nature, 528, 
119–122. https://doi.org/10.1038/natur e15539
Schulz, C., Brañas, M. M., Pérez, C. N., Villacorta, M. D. A., Laurie, N., 
Lawson, I. T., & Roucoux, K. H. (2019). Uses, cultural significance, 
and management of peatlands in the Peruvian Amazon: Implications 
for conservation. Biological Conservation, 235, 189–198. https://doi.
org/10.1016/j.biocon.2019.04.005
Sullivan, M. J. P., Lewis, S. L., Affum-Baffoe, K., Castilho, C., Costa, F., 
Sanchez, A. C., … Phillips, O. L. (2020). Long-term thermal sensitiv-
ity of Earth’s tropical forests. Science, 368, 869–874. https://doi.
org/10.1126/scien ce.aaw7578
Sullivan, M. J. P., Talbot, J., Lewis, S. L., Phillips, O. L., Qie, L., Begne, 
S. K., … Zemagho, L. (2017). Diversity and carbon storage across 
the tropical forest biome. Scientific Reports, 7(1),39102. https://doi.
org/10.1038/srep3 9102
Swaine, M. D., & Hall, J. B. (1986). Forest structure and dynamics. In G. 
W. Lawson (Ed.), Plant ecology in West Africa (pp. 47–95). John Wiley 
and Sons Limited: Chichester, U.K.
Swaine, M. D., Hall, J. B., & Alexander, I. J. (1987). Tree population dy-
namics at Kade, Ghana (1968–1982). Journal of Tropical Ecology, 3, 
331–345. https://doi.org/10.1017/S0266 46740 0002315
Synnott, T. J. (1979). A manual of permanent plot procedures for tropical 
rainforests. Oxford: Commonwealth Forestry Institute, University of 
Oxford.
ter Steege, H., Sabatier, D., Castellanos, H., van Andel, T., Duivenvoorden, 
J., de Oliveira, A., … Mori, S. (2000). An analysis of the floristic com-
position and diversity of Amazonian forests including those of the 
Guiana Shield. Journal of Tropical Ecology, 16, 801–828. https://doi.
org/10.1017/S0266 46740 0001735
Terborgh, J., & Andresen, E. (1998). The composition of Amazonian for-
ests: Patterns at local and regional scales. Journal of Tropical Ecology, 
14, 645–664. https://doi.org/10.1017/S0266 46749 8000455
Ticktin, T. (2004). The ecological implications of harvesting non-timber 
forest products. Journal of Applied Ecology, 41, 11–21. https://doi.
org/10.1111/j.1365-2664.2004.00859.x
Toomey, A. H., Knight, A. T., & Barlow, J. (2017). Navigating the space 
between research and implementation in conservation. Conservation 
Letters, 10, 619–625. https://doi.org/10.1111/conl.12315
Torres-Rojo, J. M., Moreno-Sánchez, R., & Mendoza-Briseño, M. A. 
(2016). Sustainable forest management in Mexico. Current Forestry 
Reports, 2, 93–105. https://doi.org/10.1007/s4072 5-016-0033-0
Vanclay, J. K. (1994). Modelling forest growth and yield - applications to 
mixed tropical forests. Wallingford, U.K.: CAB International.
Vicuña Miñano, E., Baker, T. R., Banda, K., Honorio Coronado, E., 
Monteagudo, A., Phillips, O. L., … Vasquez, R. M., (2018). El sumidero 
de carbono en los bosques primarios Amazónicos es una oportunidad 
para lograr la sostenibilidad de su conservación. Folia Amazónica, 27, 
101–109.
Wadt, L., Kainer, K. A., Staudhammer, C. L., & Serrano, R. (2008). 
Sustainable forest use in Brazilian extractive reserves: Natural regen-
eration of Brazil nut in exploited populations. Biological Conservation, 
141, 332–346. https://doi.org/10.1016/j.biocon.2007.10.007
Watson, J. E., Evans, T., Venter, O., Williams, B., Tulloch, A., Stewart, C., 
… Lindenmayer, D. (2018). The exceptional value of intact forest eco-
systems. Nature Ecology & Evolution, 2, 599. https://doi.org/10.1038/
s4155 9-018-0490-x
West, T. A., Vidal, E., & Putz, F. E. (2014). Forest biomass recovery after 
conventional and reduced-impact logging in Amazonian Brazil. Forest 
Ecology and Management, 314, 59–63. https://doi.org/10.1016/j.
foreco.2013.11.022
Wills, C., Harms, K. E., Condit, R., King, D., Thompson, J., He, F., … 
Zimmerman, J. (2006). Nonrandom processes maintain diversity in 
tropical forests. Science, 311, 527–531. https://doi.org/10.1126/
scien ce.1117715
How to cite this article: Baker TR, Vicuña Miñano E, Banda-R 
K, et al. From plots to policy: How to ensure long-term forest 
plot data supports environmental management in intact 
tropical forest landscapes. Plants, People, Planet. 2021;3:229–
237. https://doi.org/10.1002/ppp3.10154
